Introduction {#sec1-1}
============

Nowadays, most of the chemicals that are used in our daily life cause the most damage to the environment. Some of these chemicals have severe toxic effects on humans and the environment. Plasticizers are among such chemicals. Plasticizers are substances that are used in disposable dishes, manufacture of polycarbonates, plastic industry, and dental materials to produce or increase plasticity and flexibility as well as to reduce fragility. In this regard, bisphenol A (BPA) and nonylphenol (NP) are the most commonly used organic plasticisers. Because of the semiestrogenic function of these substances, they are considered to be steroid and xenobiotic receptor-mediated transcription.\[[@ref1]\] BPA and NP can have harmful effects on the endocrine system of humans and animals. BPA has a weak estrogenic activity and can interfere with the endocrine system, and can increase the possibility of testis and breast cancer.\[[@ref2]\] Among the other harmful effects of these chemicals are deterioration in the quality of sperm parameters, anomalies in reproductive organs, decrease in sexual activities, and various fetal anomalies. NP is also an estrogenic-like substance that changes protein formation and induces hormonal impairments.\[[@ref2][@ref3][@ref4]\]

Because of its ability to mimic the action of natural estrogen, NP is classified as an endocrine impairing agent as it interferes with the mammalian endocrine system.\[[@ref5]\] This compound is mainly created from the decomposition of alkyl phenol ethoxylates, which are widely used in detergents (80%), latex dyes, as emulsifiers in pesticides, and in the textile industry.\[[@ref6]\] In a study, a significant decrease in the body weight, in the weight of the reproductive organs, and in testosterone serum were observed in the rats that received 80 and 200 mg/kg of NP for 14 to 19 days.\[[@ref7]\] It was shown that the administration of BPA at doses of 0.5 and 50 µg/kg to male rats (5 weeks' old) for 4 to 8 weeks induced early puberty in the 6^th^ or 7^th^ week, as well as decrease in the level of free plasma testosterone.\[[@ref4]\]

BPA is currently known to cause toxicity in the reproductive system.\[[@ref8][@ref9]\] It has been reported that in a study where male rats received 200--950 mg/kg of BPA for 44 days, there was a weight loss in the reproductive organs and damage to the seminiferous tubules.\[[@ref10]\] Although a dose of 50 µg/kg/day BPA is believed to be standard daily tolerable dose for humans and a dose of 50 mg/kg is said to have no macroscopic harmful effects,\[[@ref11]\] studies have shown that 3 mg/kg/day of BPA for 2 weeks causes a significant decrease in testosterone levels and increase in the luteinizing hormone (LH) level in the serum and testis of adult rats.\[[@ref12]\]

Another investigation reported that the rats given BPA showed no changes in their reproductive organ functions.\[[@ref13]\] Therefore, there appears to be controversy over the effect of BPA on reproductive system. Although studies have not revealed any link between exposure to BPA and reproductive hormones and sperm profiles in fertile men, a significant inverse relationship was reported between urinary concentration of BPA and free androgen level, even though it has no considerable effect on the reproductive function.\[[@ref14]\]

Because of the controversial study reports and the heavy use of BPA and NP, the present study was designed to investigate the effect of three doses of BPA and NP on the reproductive parameters of adult rats, including the serum concentration of LH, follicle stimulating hormone (FSH), and testosterone.

Materials and Methods {#sec1-2}
=====================

BPA \>99% pure (Daejung, Korea) NP \>99% pure (Kento, Japan), Elisa Kit (Bioassay Technology Laboratory, China), and all other chemicals were purchased from local commercial sources.

Male Wistar rats (weighing 150--200 g) were obtained from the Babol University of Medical Sciences' Animal room (Babol, Iran).

All rats were kept in plastic cages under controlled light and dark condition (12 h light: 12 h dark) at 22 ± 2°C and humidity of 50 ± 5%, with free access to chow and tap water *ad libitum*. The study was approved by the University Ethics Committee, and all the experiments were performed in accordance with the guidelines for the safe working of animals.

The rats were divided into a control group and three groups receiving three doses (5, 25, and 125 µg/kg) of BPA and three groups receiving three doses (5, 25, and 125 µg/kg) of NP. In each group, ten rats were used. All treatments continued for 35 days. BPA and NP were dissolved in olive oil as vehicle and were administered in rats by gavage. Control group was administered olive oil alone. On the 36^th^ day, the rats were weighed and anesthetized with sodium thiopental. Tissue and blood samples were taken and kept at −80°C for hormone and histolopathological analyses.

Preparing the blood samples {#sec2-1}
---------------------------

Blood samples (1 ml) were obtained by cutting the auxilary artery for each rat and were transferred into 2-ml tubes. Then, the samples were separately centrifuged and the serums were kept at −20°C for further analysis.

Luteinizing hormone, follicle stimulating hormone, and testosterone assay {#sec2-2}
-------------------------------------------------------------------------

The frozen serum samples were allowed to thaw at laboratory temperature and vortexed and then were centrifuged at 1000 rpm for 5 min. The optical density of the samples was measured at wavelengths of 450 and 630 nm using ELISA reader (Rayto microplate RT-2100C). Then, the concentration of LH, FSH, and testosterone was determined.

Preparing testis tissue {#sec2-3}
-----------------------

The right testis of each rat was removed and separately weighed. The testis tissues were fixed in 10% formalin and three tissue slices were randomly prepared of each testis. Then, the selected slices were processed using a processing device (dewatering, shining, and staining) and were moulded in paraffin; 5-micron samples were prepared from the slices and stained using the Hematoxylin and eosin (H and E) staining method.

Histomorphometry {#sec2-4}
----------------

Figures were obtained from the smears using an Olympus optical microscope equipped with a Canon camera at a magnification of 4×, 10×, and 40× at four random points and a Motic application was used for extracting the data.

Measurement of seminiferous tubules diameter {#sec2-5}
--------------------------------------------

Figures with a magnification of 10× were used to measure the diameter of the seminiferous tubules. For each animal, 10 seminiferous tubules were randomly chosen from various areas, and for each tubule, two diameters (long and short) perpendicular to each other were measured. The data were recorded and then analyzed using statistical tests.

Thickness of epithelium of seminiferous tubules {#sec2-6}
-----------------------------------------------

The thickness of the epithelium of the seminiferous tubules was measured in both the groups. The heights of the epithelium for 100 tubules in four directions and four angles were measured.

Surface area of the seminiferous tubules cross-sections {#sec2-7}
-------------------------------------------------------

In order to measure the surface area of the seminiferous tubules cross-sections, the areas were individually calculated using a Motic software.

Cross-sectional area of epithelium of seminiferous tubules {#sec2-8}
----------------------------------------------------------

The area of lumen of the seminiferous tubules was calculated using Motic software. Then, by subtracting this number from the area of the seminiferous tubules, the area of the epithelium of the seminiferous tubules was determined. In order to reduce the margin of error, the same tubules were used for each calculation.

Number of seminiferous tubules {#sec2-9}
------------------------------

In order to count the number of seminiferous tubules, figures with a magnification of 10× from various points of the smear were used. The counting started from 40 points for each animal. For an accurate recording, a square with 6.5 × 6.5 cm was drawn on a frame, using + symbols. All tubules in the middle and on the top right of the square were counted. Then, the number of seminiferous tubules was divided by the square area (42.25 cm^2^) to obtain the number of seminiferous tubules in 1 cm^2^ \[[Figure 1](#F1){ref-type="fig"}\].

![Method of calculating the diameter, thickness of the epithelium and surface area of the epithelium in the seminiferous tubules using Motic software](NAJMS-8-215-g001){#F1}

Number of spermatocytes and spermatogonia in 1 cm^2^ {#sec2-10}
----------------------------------------------------

In order to count the number of spermatocytes and spermatogonia in 1 cm^2^, the figures with a magnification of 40× from various points of the smear were used. Four figures were used for the cellular count of each rat. First, the area of the seminiferous tubule was calculated using a Motic software. Then, the number of spermatogonia, which looked round with dark circles in the outer layer of the epithelium, was determined. In the next step, the number of spermatocytes was recorded. Finally, the number of spermatocytes and spermatogonia was divided by the area of the seminiferous tubule to obtain the number of spermatocytes and spermatogonia in 1 cm^2^.

Statistical study {#sec2-11}
-----------------

All the analyses were performed using the Statistical Package for the Social Sciences software version 16. The data were statistically analysed using one-way analysis of variance followed by post-hoc Tukey test. The significance of differences between data was assumed at *P* \< 0.05.

Results {#sec1-3}
=======

NP receiving rats showed a behaviour compared to BPA receiving groups. Statistical analysis showed a significant decrease in the weight of the rats after treatment in both BPA and NP compared to the control group (*P* \< 0.05). Furthermore, no significant difference was seen between the BPA and the NP groups. [Table 1](#T1){ref-type="table"} shows the mean weight of the rats in the control, BPA, and NP receiving groups at the baseline and the last day of the experiment.

###### 

Mean (±SD) of the weight changes at the baseline and on the last day of the study in control, Bisphenol A, and nonylphenol receiving groups

![](NAJMS-8-215-g002)

With progressing age, the weight increased, as seen in the control group, however, the body weight in rats receiving BPA and NP showed a considerable decrease \[[Table 1](#T1){ref-type="table"}\]. This decline in body weight was greater in the NP group compared to the BPA receiving group \[[Figure 2](#F2){ref-type="fig"}\].

![Mean difference in body weight at baseline and after treatment of rats receiving the Bisphenol A and nonylphenol receiving groups compared to control (*n* = 10)](NAJMS-8-215-g003){#F2}

Level of luteinizing hormone, follicle stimulating hormone, and testosterone {#sec2-12}
----------------------------------------------------------------------------

The results of the ELISA analysis is shown in [Table 2](#T2){ref-type="table"}. The control group showed the highest amount of testosterone, whereas the group that had been given 5 µg/kg of the NP showed the least amount of testosterone.

###### 

Concentration of LH, FSH and testosterone in BPA, NP, and control groups

![](NAJMS-8-215-g004)

The results showed that serum concentration of testosterone in the BPA and NP groups in three doses significantly decreased compared to the control group (*P* \< 0.05) \[[Table 2](#T2){ref-type="table"}\]. A significant difference was noted in the group which received 25 mg/kg of NP compared to other groups, except for the group which received 125 mg/kg of NP. There were no significant changes in the levels of LH or FSH in the BPA and NP groups compared to the control group \[[Table 2](#T2){ref-type="table"}\].

Morphometric findings of testis {#sec2-13}
-------------------------------

The mean of the long and short diameters of the seminiferous tubules for all study controls were calculated. The highest diameter was seen in the control group and the least belonged to the rats received 25 µg/kg of NP. The mean of the four heights drawn for the epithelium of the seminiferous tubules was calculated for all the groups. The highest epithelium thickness belonged to the control group and the lowest belonged to the rats which received 25 µg/kg of the NP \[[Table 3](#T3){ref-type="table"}\]. The diameter of the seminiferous tubules and the thickness of the epithelium in the experimental group showed a significant decrease compared to those of the control group (*P* \< 0.001). A significant difference was noted in the diameter of the seminiferous tubules and the thickness of the epithelium between groups receiving 5 and 25 µg/kg of the BPA and the group receiving 25 µg/kg of the NP (*P* \< 0.0001). This difference was also observed between rats receiving 5 and 25 µg/kg of the NP and rats receiving 125 µg/kg of the NP (*P* \< 0.05). However, no significant difference was noted within the groups receiving various doses of BPA.

###### 

Mean (±SD) of the diameter of seminiferous tubules, the thickness of the epithelium, surface are of the cross-sections of the seminiferous tubules and the epithelium of the seminiferous tubules, number of seminiferous tubules, count of spermatocytes and spermatogonia of control, BPA, and NP

![](NAJMS-8-215-g005)

The surface of area of cross-section of the epithelium of the seminiferous tubules was calculated, and is shown as the mean ± SD in [Table 3](#T3){ref-type="table"}. The highest surface area of the epithelium of the seminiferous tubules belongs to the control group and the lowest belongs to the group which received 25 µg/kg of NP. The surface area of the seminiferous tubules and epithelium of the seminiferous tubules in the experimental groups showed a significant decrease compared to the control (*P* \< 0.05). There was a significant difference in the results of the groups which were administered 5 and 25 µg/kg of BPA and 5 and 25 µg/kg of NP (*P* \< 0.05). The group received which 125 µg/kg of BPA showed a significant difference in the surface area of the seminiferous tubules and epithelium of the seminiferous tubules compared to all three doses of the NP receiving groups (*P* \< 0.05).

The mean ± SD of seminiferous tubules in a surface unit (42.25 cm^2^) is presented in [Table 3](#T3){ref-type="table"}, with the highest belonging to the 25 µg/kg dose of the NP group and the lowest belonging to the 125 µg/kg dose of the NP group. Statistical analyses have shown that there was a significant difference in the number of seminiferous tubules in the 6.5 × 6.5 cm^2^ frame compared to the control group (*P* \< 0.05) except for the 125 µg/kg dose of the BPA group. The groups receiving 5 and 25 µg/kg of BPA showed a significant difference from all the groups (*P* \< 0.05) except among each other. A comparison of the experimental groups revealed that the group receiving 125 µg/kg of the BPA showed a significant difference from all the other groups (*P* \< 0.05) except for the control group. There was a significant difference in the number of seminiferous tubules in the 6.5 × 6.5 cm^2^ frame in the groups receiving all three doses of the NP (*P* \< 0.05).

The number of spermatocytes and spermatogonia in the seminiferous tubules was counted. The number per surface unit was calculated by dividing the total number by the area of the seminiferous tubules. [Table 3](#T3){ref-type="table"} shows the mean ± SD of the number of spermatocytes and spermatogonia. The control showed the highest number, whereas the lowest number belonged to the group receiving 125 µg/kg of NP. Statistical analyses showed that the number of spermatocytes and spermatogonia in the group receiving 125 µg/kg of the NP showed a significant decrease compared to the control and other experimental groups (*P* \< 0.001).

Histopathological changes {#sec2-14}
-------------------------

As can be seen in the microscopic photos of rat testes, in both the BPA (125 µg/kg) and the NP (125 µg/kg) groups, a higher extension of interstitial tissue was observed \[[Figure 3](#F3){ref-type="fig"}\]. The result shows higher extension level for the NP group (125 µg/kg). In addition, a rupture in germinal tissue of the seminiferous tubules could be seen in this group, indicating a loss of integration of the structure in the germinal cells and the existence of gaps between them. This condition was less obvious in the germinal cells in the group treated with the 125 µg/kg of BPA.

![Effects on histopathology of testis with dose of 125 μg/kg Bisphenol A and Nonylphenol, (a) Control, (b) Nonylphenol and (c) Bisphenol A with 10× magnification](NAJMS-8-215-g006){#F3}

Discussion {#sec1-4}
==========

Based on the present study, body weight of animals receiving BPA and NP was significantly decreased compared to the control group. Xiao *et al*. reported that long-term administration of NP in high dose can decrease the body weight of the rats compared to the control.\[[@ref15]\] Mickae Couderc *et al*. also reported that pregnant female rats receiving NP showed a significant weight loss in comparison to the control group. This weight loss occurred during the first few days.\[[@ref16]\] Although, in another study, no changes in body weight of the rats under treatment by NP were reported for a long duration.\[[@ref17]\] The body weight of the experimental animals naturally increased with progressing age. According to the present study, this weight gain can be observed in control group. However, considerable weight loss in other experimental groups may confirm the toxic effects of long-term administration of BPA and NP.

The serum concentration of testosterone decreased in the experimental groups treated with BPA and NP. This decline might have been due to the blocking of the P450 cytochrome 17.\[[@ref15]\]

The decrease in the level of testosterone could also have caused the weight loss by decreasing muscles and bone mass.\[[@ref18]\] Toxic stresses can cause a decrease in the testosterone level by lowering the antioxidant capacities.\[[@ref19]\] No noticeable change was observed in the levels of the LH and FSH hormones. The decrease in the level of testosterone was most probably due to a deterioration in the number and activity of the Leydig and Sertoli cells. However, because the pituitary was functioning properly, the levels of the FSH and LH hormones remained unchanged. Most probably, if the exposure to these chemicals had been prolonged, the levels of the FSH and LH hormones in the blood would have changed.

Mendiola *et al*. reported that exposure to environmental doses of BPA could increase the level of testosterone in adult male rats.\[[@ref14]\] However, it has been reported that when adult rats were exposed to of the BPA (2 mg/kg) for 14 days, the levels of testosterone and FSH decreased while the level of LH increased.\[[@ref20]\]

Along with the previous report, it was noted that in the group receiving 250 mg/kg of NP, the level of testosterone decreased but the LH and FSH increased. BPA and NP have an inhibitory effect on the P450 cytochrome, which is an important enzyme in the synthesis of testosterone in Leydig cells.\[[@ref15]\] It has been suggested that 8-week-old male rats, which were treated with 250 mg/kg of the NP for 12 days, showed an increase in the levels of testosterone and FSH, however, the level of LH remained unchanged.\[[@ref21]\] In another study, it was shown that high doses of BPA caused a significant decline in the level of testosterone.\[[@ref8]\]

The BPA and NP doses used in this study were proper for evaluating the effects of low doses on reproductive function. BPA and NP caused a significant decrease in the diameter of seminiferous tubules, thickness of epithelium, and surface area of the cross-section of the epithelium of seminiferous tubules. It was also shown that number of spermatocytes and spermatogonia in NP (125 µg/kg) was significantly reduced compared to the other BPA and NP groups as well as the control group.

It has been reported that number of spermatocytes, spermatogonia, and spermatids and the concentration of testosterone may be reduced when male rats were exposed to environmental BPA. Furthermore, any decrease in the level of testosterone may decrease the number of sperms.\[[@ref20]\] Treatment with NP increases the apoptosis Sertoli and germinal cells, reducing the production of sperms.\[[@ref15]\]

Very high doses of the BPA in male rats (500 and 5000 mg/kg for 8 weeks) showed a significant decline in the number of sperms, however, there was no change in sperm\'s motility, diameter of seminiferous tubules, and the number of spermatocytes, spermatogonia, and Sertoli cells.\[[@ref8]\]

Similar results were previously reported as well\[[@ref8][@ref22][@ref23]\] that are consistent with the results of the present study.

Conclusion {#sec1-5}
==========

It is concluded that BPA and NP can decrease the body weight of the rats and this may be due to the decrease in the level of testosterone. Furthermore, destructive effects of BPA and NP caused ruptures in the germinal tissues of seminiferous tubules and decreased the number of epithelium cells in the seminiferous tubules. Any decrease in the count of spermatocytes and spermatogonia, diameter and thickness of the epithelium, surface area of the seminiferous tubules and the epithelium, and testosterone level can confirm that spermatogenesis is decreased. These adverse effects of BPA and NP on spermatogenesis may suggest possible infertility effects of the compounds and the need to pay more attention to handling, usage, and exposure to estrogen-like plasticizers in the living environment.
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